ABSTRACT Direct examination of the aortic orifice at the level of the aortic valves (aortic valvular orifice area, AVOA) in the short-axis plane was performed with a 3 MHz two-dimensional pulsed Doppler echocardiographic apparatus. The AVOA was mapped with the Doppler gate to detect or rule out the presence of a regurgitant aortic valvular area (RAVA) established by recording of abnormal diastolic Doppler signals on a "yes or no" basis. A group of 12 normal subjects and 83 patients, including 40 patients with aortic regurgitation proven by aortography, were investigated with this procedure. In the 38 patients with aortic regurgitation diagnosed by Doppler echocardiography (diagnostic sensitivity 95%, specificity 100%), planimetric measurements of the RAVA and AVOA were performed with calculation of two indexes: the RAVA/square meter of body surface area and the RAVA/AVOA ratio. These indexes correlated well with independently performed angiographic grading on a three-point scale (r = .87 for the RAVA, .88 for the RAVA/AVOA; p < .001), with highest significance of differences in mean values among each grade of severity found for the RAVA/AVOA (p < .001). In addition, Doppler echocardiography identified the anatomic valvular site of the lesion, and we confirmed the site during surgery. Circulation 68, No. 5, 998-1005No. 5, 998- , 1983 PULSED DOPPLER echocardiographic techniques provide direct information about flow disturbances and are most appropriate for the noninvasive investigation of aortic regurgitation. However, some problems remain for the evaluation of severity in cases of associated lesions. In the literature, two pulsed Doppler echocardiographic approaches are usually proposed. They include a downstream investigation of the aorta and an upstream detection of the regurgitant jet in the left ventricular outflow tract, either isolated1"7 or associated.8'9 Our purpose is to examine the reliability of a completely new Doppler echocardiographic procedure. It consists of the direct Doppler echocardiographic examination of the aortic valvular orifice area to obtain calculated indexes of severity. Their reliability for grading the insufficiency will then be compared with aortography. 
PULSED DOPPLER echocardiographic techniques provide direct information about flow disturbances and are most appropriate for the noninvasive investigation of aortic regurgitation. However, some problems remain for the evaluation of severity in cases of associated lesions. In the literature, two pulsed Doppler echocardiographic approaches are usually proposed. They include a downstream investigation of the aorta and an upstream detection of the regurgitant jet in the left ventricular outflow tract, either isolated1"7 or associated.8 '9 Our purpose is to examine the reliability of a completely new Doppler echocardiographic procedure. It consists of the direct Doppler echocardiographic examination of the aortic valvular orifice area to obtain calculated indexes of severity. Their reliability for grading the insufficiency will then be compared with aortography.
Methods
Subjects. The study population included 12 normal subjects (six women and six men, ranging from 15 to 78 years of age, mean 36) and 83 patients (39 women and 44 men, ranging from 13 to 74 years of age, mean 41), in whom the presence of an aortic regurgitation was confirmed or ruled out by aortic root angiography performed within a week of the Doppler echocardiographic examination. Diagnoses mostly included valvular rheumatic diseases, with pure or associated lesions (48 aortic, 61 mitral, and 17 tricuspid), and also coronary heart diseases (n = 5), cardiomyopathies (n -3), and congenital heart diseases (n = 4). Forty-five patients were in sinus rhythm, and 38 were in atrial fibrillation.
Diagnosis of aortic regurgitation. The diagnosis relied on angiographic data. Aortic root angiography was performed in a 45 degree left anterior projection with injection of 40 to 50 ml of meglumine diatrizoate (Renografin) . The presence of an aortic regurgitation was demonstrated in 40 patients. The cause was rheumatic (n = 34), calcific (n = 3), postendocarditic (n = 2), and congenital (n = 1). Regurgitation was associated with stenosis in nine patients and with mitral lesions in 28 patients, and was proven by left heart catheterization. Diagnosis of regurgitation was further confirmed during surgery in 24 patients.
Classification of aortic regurgitation. The severity of aortic regurgitation was graded independently from the ultrasound findings on a three-point scale from angiography on the follow-DIAGNOSTIC METHODS-DOPPLER ECHOCARDIOGRAPHY (3) severe (16 lesions) -jet of dye producing a rapid or immediate opacification of the left ventricle equal to that of the aorta.
Doppler echocardiographic examination Apparatuses. We used an ATL 851 (ATL, Bellevue, WA) with a pulsed Doppler 3 MHz velocimeter and a two-dimensional 90 degree wide-angle mechanical sector scan with a single transducer for both techniques. The diameter of the transducer was 2.5 cm. According to the Doppler principle, the rangegating system makes it possible to record the velocity of a small blood sample (2 x 4 mm) at any given location along the ultrasonic beam from 3 to 17 cm from the chest wall.", II The output consisted of an audiosignal of the Doppler shift and a graphic display of the frequency spectrum. In addition to the use of a time-interval histogram with a demodulated analog flowvelocity trace that used the zero-crossing detector method, " I the apparatus was connected to a fast Fourier transform device (Angioscan/Uniscan, Unigon, Mount Vernon, NY) to obtain a real-time spectral analysis. Analysis speed was 6.5 msec for a 128-point frequency spectrum. Other characteristics of this analyzer have been previously described.'2
We also used two video monitors, one for the real-time scanning and the other for the Doppler display. Recordings were made on a Sony video tape recorder, and hard copies of realtime imaging were obtained on a 4633 Tektronix recorder. Doppler analog flow-velocity traces, TM echocardiographic tracings, Doppler spectral displays, simultaneous electrocardiogram lead II, and frequency-selecting phonocardiograms were recorded on a Irex 1 (Irex, Mahwah, NJ) fiber-optics recording system.
Recording method. Subjects were generally studied while in the supine left lateral position. The method used for two-dimensional Doppler echocardiographic examination of the heart has been already reported. 13 In brief, it requires (1) dynamic visualization of the structure or chamber to be investigated, (2) location of the Doppler beam, seen as a continuous white line, to transsect the area of interest, and (3) adjustment of the Doppler gate, seen as a bright spot, to control the depth of the sample volume along that beam. The image is then frozen while the apparatus is automatically switched to the Doppler system. When the characteristic Doppler sound is heard, the recording may be performed.
Pulsed Doppler echocardiographic positive diagnosis criteria. The criterion for pulsed Doppler echocardiographic assessment of a regurgitation at the aortic valvular orifice area was the finding of a signal in diastole on a "yes or no" basis established by the presence of an audiosignal, the graphic inscription of a spectral disturbance at least twice as wide as the base line, and a duration of the latter at least for 0.10 sec.
Examination ofthe aortic orifice valvular area (figure 1). We used the parasternal short-axis approach. Once a satisfactory echocardiographic image of the aortic orifice was obtained, the procedure sequentially was as follows:
(1) Pulsed Doppler echocardiographic examination of the orifice was performed to detect a diastolic anomaly. The entire orifice was carefully checked along its vertical and horizontal axes. When an anomaly was found the abnormal area was mapped with concentric circles from its center, and its limits were defined by the Doppler gate. A sheet of transparent plastic was then applied over the video monitor and the contour of the abnormal area, labeled the regurgitant aortic valvular area (RAVA), was delineated; we carefully tried to avoid parallax errors.
(2) In these patients and in normal subjects the aortic valvular orifice area (AVOA) was also delineated on a transparent sheet by outlining its inner circumferential edge seen on the video screen in diastole, which represents the aortic root area. calculated from the values of both areas (determined by planimetry), as RAVA/AVOA and was labeled the valvular regurgitant index (VRI).
The measurements were repeated three times, and we retained the average values over the three measurements. All subjects were examined by two observers without interobserver discrepant interpretation as tested by over 30 random reviews of video tapes. Direct ultrasonic measurements performed at the aortic orifice area were also corrected for body surface area. Aortic areas were measured by planimetry with a Hewlett Packard integrator 98134 Assessment of the severity of aortic regurgitation (figure 6, table 2). Except for one underestimated and two overestimated sizes of lesions, the assessment of severity was satisfactorily obtained in 92% of patients by use of the indexes. Table 2 shows a significant increase of the mean values among each grade of increasing severity for two parameters, the RAVA corrected for body surface area and the VRI. Figure 6 illustrates the results obtained with these Doppler parameters correlated with the angiographic grading (r = .87 for the former, r .88 for the latter, p < .001). The AVOA was also plotted against the angiographic grading, with a correlation coefficient of r = .43. Although the correlation was at a low level, it was significant (p < .05).
Surgical correlations. Pulsed Doppler echocardiography predicted the site of the valvular lesions to be central in all patients who underwent surgery, with additional spreading of the sites to the right (two patients), left (one patient), and noncoronary cusp (one patient). We confirmed these predictions in all patients at surgery. One more right coronary cusp lesion was missed by Doppler echocardiography. Surgery further confirmed the presence of the regurgitation (mild-tomoderate grade) predicted by Doppler echocardiography in eight patients undergoing surgical repair for mitral lesions.
Discussion
At the present time, the pulsed Doppler echocardiographic technique may be considered as the most suitable noninvasive technique for investigation of valvular regurgitation. However, it suffers from well-known limitations.' 1 These mainly consist of the Nyquist limitation for the recording of high velocities at any depth, noisy receivers, and gain-dependent output displays. Recent technological improvements in measuring the variable size of the sample volume'5 and the signal-to-noise ratio16 and in performing the real-time spectral analysis'2 16 17 have already taken place and have made quantitative flow parameters available. 6 In the present study, limitations are minimized because the aortic orifice is a rather superficial structure and the assessment of a disturbed spectrum only relied on a "yes or no" basis (since no signal is normally heard in diastole at the aortic orifice). The diagnostic value of CIRCULATION DIAGNOSTIC METHODS-DOPPLER ECHOCARDIOGRAPHY Reliability of the assessment of the severity. The main advantage of the pulsed Doppler echocardiographic technique is to provide reliable information on the severity of the lesion. Clearly, with our procedure, errors might stem from ignorance of the other predominant factor of regurgitation, the diastolic pressure gradient. It has been shown that small defects may entail large regurgitant flows with an appropriate gradient. 9 Discrepancies noted between preoperative and operative findings are likely to be explained in part by changes in this parameter.20 However, the effect of the size of the defect and that of the pressure gradient on the clinical significance of the regurgitation are somehow conflicting; with an increasing grade of severity, the pressure gradient between the aorta and left ventricle tends to be lower, which suggests that the size of the defect is of primary importance.
In our study we used, as previously reported, two reasons: the Nyquist limit led to inaccurate recording of the systolic high velocities present in aortic regurgitation,2' and of the changes in the angle 0 and in the aortic diameter22 observed in those patients. Additional complexity of blood flow in cases of associated stenosis23 probably explains most of the discrepancies.
In our opinion, this procedure remains the most reliable for pure lesions when one-dimensional Doppler echocardiography is used. It should always be considered with caution to assess mixed lesions.
Investigation of the left ventricular outflow tract. Since Johnson et al.I first described the procedure, it has been the one most frequently used. All studies confirm its high diagnostic reliability. Reliability of results of the evaluation of severity in correlated studies range from insufficient8' 9 to satisfactory,3 7 the discrepancy probably being due to differences in the study material. Recently, two technological improvements have been made: the use of two-dimensional echography,4 5 and the availability of quantitative parameters drawn from real-time spectral analysis.6 Nevertheless, the accuracy of results obtained with this procedure suffers due to errors inherent when associated pathology is present. Despite the presence of hypokinetic dilated left ventricle and low cardiac output, we believe that it is associated mitral lesions that produce error. Theoretically, disturbances due to aortic regurgitation have a different timing, location, and tone from those due to mitral stenosis. In fact, these characteristics may be less obvious if there is a bulging of the anterior mitral leaflet or low cardiac output. Associated mitral regurgitation raises an even more embarrassing problem with its well-known increased left ventricular inflow. Conditions such as tachycardia and arrhythmia may increase the difficulties by reducing the diastolic interval free of mitral velocity deflection.
A large amount of associated valvular disease was observed in our study. Clearly, the direct examination of the aortic orifice made it possible to avoid many causes of error. This advantage of the new procedure over the previous ones cannot be disputed. 
